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HYBRID COMBINED CYCLE POWER GENERATION FACILITY 
BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates generally to a system for producing alternating current 
electric energy. More specifically, the invention describes a hybrid combined cycle power 
generation facility. 
Description of the Prior Art 

The production of alternating current electric energy is most frequently accomplished by 
converting thermal energy to mechanical energy that is then used to rotate the magnetic field of 
an electric generator. Commonly used thermal energy sources include fossil fuel combustion and 
controlled nuclear reactions. Controlled nuclear reactions and the combustion of fossil fuels are 
used to produce high pressure, high temperature steam that drives steam turbines. Those steam 
turbines in turn, convert the energy of the high pressure, high temperature steam to shaft 
horsepower and in so doing reject, or waste, a great deal of the thermal energy which enters the 
steam turbine. Conversion efficiencies of modem steam turbines are typically 28 -32%. Thus, 
a large amount of the heat energy generated at the combustion stage is wasted rather than being 
converted to electric energy. Steam turbine electric generation facilities are relatively expensive 
to build and consume large amounts of water for cooling purposes. However, one advantage to 
such steam turbine facilities is that they have the ability to burn low cost solid fuels such as coal 
orbiowaste. Unfortunately, steam turbine facilities that utilize such low cost fuels often produce 
large amounts of undesirable pollutants and therefore require costly pollution control technology 
to abate harmful, hazardous or unlawful emissions. In addition such facilities typically require 
additional permits, over and above the standard permits, for operation. 

Fossil fuel combustion within internal combustion engines produces thermal energy in 
the form of high temperature, high pressure air which is converted to shaft horsepower. Much 
like steam turbines, internal combustion engines waste most of the thermal energy released by 
the combustion process. Different internal combustion technologies, e.g., combustion turbines 
or reciprocating engines, have different thermal energy utilization characteristics, but the 
conversion efficiencies of internal combustion engines seldom exceed 40%. When compared 
to steam turbine technology, however, modern combustion turbine facilities are less expensive 
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to build, use less water, have better conversion efficiencies and are capable of lower pollution 
emission rates than steam turbine facilities. However, combustion turbines usually require higher 
cost liquid and gaseous fuels, such as refined oil products or natural gas. 

A majority of the thermal energy released during the combustion process in turbines is 
wasted in the form of hot exhaust gases. It is possible to improve the overall conversion 
efficiencies of these turbines by capturing a portion of the thermal energy present in the 
combustion turbine exhaust flow. Heat recovery devices located in the hot exhaust flow can be 
used to produce steam that is directed to a conventional steam turbine used to generate additional 
electric energy. The use of combustion turbines with exhaust recovery devices and downstream 
steam turbines is referred to as "combined cycle" technology. Modern combined cycle power 
generation facilities are capable of conversion efficiencies in excess of 50% with some 
developing technologies nearing the 60% threshold. 

There are two basic or fundamental types of combustion turbines available for use in 
power generation facilities: industrial turbines and aeroderivative turbines. Industrial turbines 
are very robust machines designed to provide highly reliable service in ground based operations 
driving machinery such as compressors, pumps and electric generators. Industrial turbines tend 
to be very large and offer good steady-state operating characteristics but exhibit limited tolerance 
for frequent start/stop cycles, which subject the massive turbine to rapid thermal cycles. 
Typically, industry design requirements for industrial turbines emphasize high temperature and 
high load tolerance for extended periods of time with secondary consideration for overall weight. 
One drawback of industrial turbines is that their large size and heavy weight necessitate in situ 
disassembly and re-assembly which results in extended outages for routine maintenance. 
Aeroderivative turbines, on the other hand, are often characterized by cutting edge technology 
to maximize power-to-weight ratios, quick starting times, high fuel efficiency and high start/stop 
cycle tolerance, all of which are important features since this type of turbine is most often used 
in aircraft propulsion systems. Materials and components design in aircraft turbines emphasize 
high strength and low weight with secondary consideration for long term component life. 
Because they are lightweight and small, aeroderivative turbines are easily removed and repaired 
off site when routine repair or refurbishment is required. When removed, the turbine is quickly 
and easily replaced by a spare turbine thus reducing production outages for routine maintenance. 


WO 01/73267 


3 


PCTYUSOl/10110 


However, one drawback to aeroderivative turbines in relation to industrial turbines is that 
aircraft turbine technology is more expensive and less robust than industrial turbine technology. 

Both industrial and aircraft turbine technologies are used in modern electric energy 
generating facilities described above. Both technologies can be found in simple cycle, 
combustion turbine generator facilities and in combined cycle power generation facilities 
utilizing combustion turbines, exhaust heat recovery and steam turbines. Steam and gas 
("STAG") combined cycle systems are well known in the industry. These systems typically 
comprise gas turbines, steam turbines, generators and heat recovery steam generators ("HRSG"). 

In any event, these prior art power generation facilities have limited the use of combustion 
turbines to either industrial turbines or aircraft turbines, but not both. 

It would therefore be desirable to have a power generation facility that has the advantages 
of both an industrial turbine, namely low pollution emissions levels, low capital cost, superior 
thermal efficiencies, and robust construction, and an aeroderivative turbine, namely rapid 
response to varied production levels with high thermal efficiencies and quick maintenance turn 
arounds. 

SUMMARY OF THE INVENTION 

The present invention relates to a system and facility for generating alternating current 
electric power in which a hybrid, combined cycle power generation facility is provided, including 
at least one industrial gas turbine, at least one aeroderivative gas turbine. Such a facility results 
in lower costs of construction and capital expense and lower costs of production as compared to 
a combined cycle facility using only aeroderivative turbines. Similarly, the present invention 
results in a facility that has faster and lower cost start/stop capabilities and better part load fuel 
efficiencies than combined facilities using only industrial turbines. 

In a typical configuration, at least one aeroderivative ("AD") turbine is provided. The AD 
turbine powers a suitable generator and may further provide heated exhaust gas to a heat recovery 
steam generator, which in turn feeds high pressure, high temperature steam to a steam turbine. 
The steam turbine also powers a generator. By using an AD turbine, the power system may be 
brought online quickly to begin producing power. The HSRG recovers heat from the exhaust 
gas of the turbine and uses the heat to generate steam to power the steam turbine. In this way, 
the efficiency of the system may be greatly increased. 
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The system also includes at least one industrial gas ("IG") turbine. The IG turbine 
typically takes longer to spin up and be brought online, however, once in operation, it is 
generally capable of higher and more stable output than an AD turbine. As with the AD turbine, 
the IG turbine has an associated HRSG in thermodynamic communication therewith, to recover 
heat from the exhaust gas of the turbine to generate steam for a steam generator. The IG turbine 
also powers a suitable generator. 

The HRSG's, each of which is associated with either an IG or AD turbine, use heated 
exhaust gas from the turbines to generate steam. This steam is then fed to the steam turbines, 
which in turn power additional generators. This creates a much more efficient system that using 
gas turbines alone. Additionally, the HSRG's may include supplementary firing equipment to 
produce additional high pressure, high temperature steam and offer additional operational 
flexibility. 

The advantage of the system of the present invention over the prior art systems is that it 
draws on the benefits of each type of turbine mentioned herein, while diminishing the drawbacks 
associated with each type of turbine. For example, the AD turbine is able to begin producing 
power in a relatively short amount of time. Therefore, it can be used to provide power quickly 
when the system is initially started, while the bigger IG turbine and steam turbine are brought 
on-line. Both the IG turbine and the steam turbine are capable of producing a greater power 
output, however, as compared to the AD turbine. Thus, once spun up, the IG turbines and steam 
turbines can be utilized for a substantial portion of the on-going power production system. The 
AD turbine may also be used intermittently, for instance, during peak load periods. In this way, 
the IG and steam turbines may be operated for longer periods of time without the need to vary 
output. The AD turbine may be used intermittently to provide additional power as necessary. 
When included in the system design, supplementary firing in the HRSGs provides smooth load 
transitions while starting and stopping both AD and IG turbines. Supplementary firing also can 
be used to produce additional high pressure steam for additional steam turbine generator output. 
Operation with full supplementary firing is reserved for peaking conditions when the resulting 
decrease in thermal efficiency is secondary to maximum capacity production. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a typical prior art industrial turbine, combined cycle power generation 
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facility. 

Figure 2 is a schematic of a typical prior art aeroderivative, combined cycle power 
generation facility. 

Figure 3 is a schematic of a combined cycle power generation system of the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

As shown in Figs, land 2, a typical power generation facility may include an industrial 
turbine, a heat recovery boiler or steam generator, and a steam turbine or may include an 
aeroderivative turbine, an HRSG and a steam turbine. Each facility has certain, previously 
enumerated advantages and disadvantages, however, the present invention includes many of the 
advantages and overcomes many of the disadvantages of the prior art systems. 

Fig. 3 shows a schematic of a system of the present invention. While those skilled in the 
are will understand that any number of turbines can be utilized, a first industrial gas turbine is 
provided for turning or driving a first generator. The IG turbine may be any suitable turbine, but 
is preferably General Electric Frame 7 EA or Frame 7 F. A fuel system provides the IG turbine 
with a suitable fuel for combustion, such as natural gas or refined oil products. The exhaust gas 
from the IG turbine are fed via suitable conduit or duct to a first HRSG unit. 

A second, aeroderivative turbine is provided for turning or driving a second generator. 
Again, it is the combination of an aeroderivative turbine with an industrial turbine that is unique 
and those skilled in the art will understand that any number of turbines can be utilized. The fuel 
system provides a suitable fuel supply for the AD turbine. Typically, the AG turbine bums 
natural gas or refined oil products. Exhaust gas from the AD turbine is passed via suitable 
conduit or duct to a second HSRG unit. In a preferred embodiment, the AD turbine is a General 
Electric LM6000 aeroderivative turbine. 

The system of the invention preferably includes at least one HRSG. In one embodiment, 
an HRSG is provided for each gas turbine, however, it should be understood that multiple gas 
turbines may be exhausted into a single HRSG. The HRSG units convert the excess, unused 
energy (in the form of heat and unburned fuel) from the gas turbines into high pressure, high 
temperature steam, which may be used to drive a steam turbine. This greatly increases the 
efficiency of the system. In apreferred embodiment, the HSRG's may have supplementary firing 
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equipment installed therein. This additional equipment typically includes burners which further 
aid in heating and pressurizing steam for the steam turbines. The burners may be fueled, for 
instance, with natural gas or refined oil products or may use other fuels such as heavy oil or coal. 
The use of supplementary firing equipment may increase the output of the steam turbines by as 
much as 100% and may increase the overall system output by 30%. A water supply system 
provides water to the HRSG's for the production of steam. Preferably, the water supply system 
provides demineralized water. 

In an alternative embodiment, the HRSG's may be unfired or lack supplementary firing 
equipment. This may decrease capital and maintenance costs. In this configuration, the HRSG 
merely transfers heat from the hot turbine exhaust gas to water or steam via convective heat 
transfer. 

The steam produced in the HRSG units is passed, via suitable duct or conduit, to a steam 
turbine. The steam turbine drives or turns a third generator. Any number of steam turbines may 
be used, depending, for instance, on the number of gas turbines and HRSG units in the system. 

In operation, the present system provides an aeroderivati ve turbine which may be put into 
service or brought online in a relatively short amount of time. This allows the system to generate 
electric power, albeit at a somewhat decreased capacity, shortly after the system is started. The 
exhaust from the AD turbine is ducted to an HRSG to begin steam production for the steam 
turbine. Since a typical steam turbine operating on steam produced in part using waste gas from 
an IG turbine cannot begin to operate until the IG turbine is spun up, the system of the invention 
also permits use of the steam turbine at an earlier stage of the power production process, as 
compared to the prior art systems. The system preferably includes suitable monitoring and 
control equipment to determine when the HRSG f s are producing sufficient steam to start the 
steam turbines. Until that time, the steam generated is trapped within the HRSG or vented to 
atmosphere. At the same time the AD turbine is started, an industrial gas turbine is also started. 
These relatively bigger IG turbines require a longer time to reach proper operating conditions, 
as compared to the AD turbines. However, once these IG turbine begins to generate power, their 
power output can greatly exceed that of the AD turbine. The exhaust from the IG turbine is also 
ducted to a corresponding HRSG to further provide steam to power the steam turbine. Once the 
HRSG's are producing sufficient steam, the steam turbine may be brought online. 
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Depending on the level of power output required by the system at any given time, the AD 
turbine may be shutdown after the IG turbine and/or the steam turbine are online. Preferably, the 
AD turbine is used to provide relatively quick power output when the system is first started, such 
as after a maintenance shutdown, during initial system startup, or as required to produce daily 
peak output to follow typical electric consumer use profiles. In this way, the IG and steam 
turbines may be operated in a relatively long term capacity and at near constant output level(s). 
This decreases wear and subsequent maintenance intervals with regard to these turbines. The AD 
turbine may then be used to provide variable additional power when demand on the system is 
high. The AD turbines may also be left online during shutdown of the IG turbine in order to keep 
the HRSG's in a state of hot stand by for enhanced system start/stop cycling duty capabilities. 

Thus, the system of the present invention is uniquely suited to provide adequate power 
during high or peak power demand, but does not generate excess power during low demand 
periods. By using AD turbines to boost system output during the peak periods, the larger IG and 
steam turbines do not require undesirable fluctuation of their output levels. This near constant, 
stable output level increases both the stability and longevity of the system as a whole, thereby 
requiring less maintenance and lowering expenses associated therewith. 


WO 01/73267 


8 


PCT/US01/10110 


CLAIMS 

1 . A system for producing alternating current electric energy comprising: 

(a) at least one industrial gas turbine for producing electric power; and 

(b) at least one aeroderivative gas turbine for producing electric power. 

2. The system of claim 1, further including at least one steam turbine, said steam 
turbine in thermodynamic communication with at least one of said industrial gas turbine or 
aeroderivative turbine such that the exhaust heat from the turbine is used by the steam turbine 
to generate electric power. 

3. The system of claim 2, further including at least one heat recovery steam 
generator in thermodynamic communication with at least one said industrial turbine or 
aeroderivative turbine for providing steam to said at least one steam turbine. 

4. The system of claim 3, wherein the heat recovery steam generator includes 
supplementary firing equipment. 

5. The system of claim 1, wherein said aeroderivative turbines are used to produce 
power until said industrial turbines are producing adequate power output, at which time the 
aeroderivative turbines may be shut down. 

6. The system of claim 1 , wherein the industrial turbine is optionally left on-line and 
is used to keep all the HRSGs in a state of hot stand by for enhanced system start/stop cycling 
duty capabilities. 

7. The system of claim 3, wherein the aeroderivative gas turbine is left online and 
used to keep said heat recovery steam generator in a state of hot stand by for enhanced system 
start/stop cycling duty capabilities. 

8. A system for producing alternating current electric energy comprising: 

(a) at least one industrial gas turbine for producing electric power; 

(b) at least one aeroderivative gas turbine for producing electric power; 

(c) at least one steam turbine, said steam turbine in thermodynamic 
communication with at least one of said industrial gas turbine or aeroderivative turbine such that 
the exhaust heat from the turbine is used by the steam turbine to generate electric power; 

(d) a heat recovery steam generator with supplementary firing equipment 
associated with each industrial gas turbine and aeroderivative turbine for providing high 
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temperature, high pressure steam to said at least one steam turbine; 

(e) a fuel system for providing fuel to the industrial turbines, aeroderivative 
turbines and heat recovery steam generators; and 

(f) a water system for providing a suitable water supply to the steam turbines 
and the heat recovery steam generators. 




INTERNATIONAL SEARCH REPORT 


Interna, xial application No. 
PCT/US01/10110 


A. CLASSIFICATION OF SUBJECT MATTER 
IPC(7) :F01C 13/00; F01D 7/00, 15/10; F02C 6/00, 7/00; F02D 25/00; 
US CL : 29G/4A, 4B, 4C, 4D f 4R; 60/39.182, 39.5, 39.75, 

According Co International Patent Classification (IPC) or to both national classification and IPC 


FIELDS SEARCHED 


Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 290/4A, 4B, 4C, 4D, 4R; 60/39.182, 39.5, 39.75, 


Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
NONE 


Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
EAST, APS 


DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


Y,P 


US 6,230,480 Bl (ROLLINS.HI) 15 MAY 2001, (15.05.01), 
ENTIRE DOCUMENT. 

US 5,791,136 A (UTAMURA ET AL.) 11 AUGUST 1998, 
(11.08.88), ENTIRE DOCUMENT. 

US 5,687,560 A (JANES) 11 NOVEMBER 1997, (11.11.97), 
ENTIRE DOCUMENT. 

US 5,813,630 A (WILLIAMS) 29 SEPTEMBER 1998, (29.09.98), 
ENTIRE DOCUMENT. 

US 4,841,721 A (PATTON ET AL.) 27 JUNE 1989, (27.06.89), 
ENTIRE DOCUMENT. 


1-8 


1-8 


1-8 


1-8 


1-8 


| | Further documents are listed in the continuation of Box C. [ | See patent family annex. 


Special categories of cited documents: 

document defining the general state of the art which is not considered 
to be of particular relevance 

earlier document published on or after the international filing date 

document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

document referring to an oral disclosure, use, exhibition or other 


document published prior to the international filing date but later than 
the priority date churned 


later document published after the international filing date or priority 
date and not in conflict with die application but cited to understand 
the principle or theory underlying the invention 

document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive step 
when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

document member of the same patent family 


Date of the actual completion of the international search 
15 JUNE 2001 


Date of mailing of the international search report 


1 3 JUL 2001 


Name and mailing address of the ISA/US 
Commissioner of Patents and Trademarks 
Box PCT 

Washington, D.C. 20231 
Facsimile No. (703) 305-3230 


Authorized officer 


\~ ELVIN ENAD 

' 1 ' 

telephone No. (703) 308-7502 


dtt/ka mn i 


cK»A /Till if lOOB^ ^. 


